, the encouragement of economic research and the cooperation with other scientific institutions.
The Centre for Planning and Economic Research (KEPE) was established as a research unit, under the title "Centre of Economic Research", in 1959 . Its primary aims were the scientific study of the problems of the Greek economy, the encouragement of economic research and the cooperation with other scientific institutions.
In 1964, the Centre acquired its present name and organizational structure, with the following additional objectives: first, the preparation of short, medium and long-term development plans, including plans for local and regional development as well as public investment plans, in accordance with guidelines laid down by the Government; second, the analysis of current developments in the Greek economy along with appropriate short and medium-term forecasts, the formulation of proposals for stabilization and development policies; and third, the additional education of young economists, particularly in the fields of planning and economic development.
Today, KEPE focuses on applied research projects concerning the Greek economy and provides technical advice on economic and social policy issues to the minister of the Economy and Finance, the Centre' s supervisor.
In the context of these activities, KEPE produces five series of publications, notably: Studies. They are research monographs. Reports. They are synthetic works with sectoral, regional and national dimensions. Statistical Series. They refer to the elaboration and processing of specified raw statistical data series. Discussion Papers series. They relate to ongoing research projects. Research Collaborations. They are research projects prepared in cooperation with other research institutes.
The number of the Centre's publications exceed 650. The Centre is in a continuous contact with foreign scientific institutions of a similar nature by exchanging publications, views and information on current economic topics and methods of economic research, thus furthering the advancement of economics in the country.
Ο ρόλος του ανθρωπίνου κεφαλαίου στην οικονομική μεγέθυνση:
Αποτελέσματα από τους ελληνικούς νομούς 
Introduction
Human capital theory argues that there are positive educational externalities: that is, benefits of individually-acquired education are not restricted to the individual but spill over to higher levels of aggregation in the same industry, city, region or the macroeconomy as a whole. These externalities provide the economic justification for public funding of education.
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In the recent literature, attempts have been made to empirically test the relationship between human capital and economic growth, usually employing cross-sectional country data. These studies use measures of formal education as proxies for human capital, since investment in education plays a central role in human capital accumulation. They provide contrasting results regarding the impact of human capital on growth: effects are found to be positive, statistically insignificant or even negative in some cases (Pritchett, 2001; Barro & Sala-i-Martin, 2004 ).
The main cause of these puzzling results is probably that most studies use international data sets, but incorrectly impose equal returns to schooling (single coefficients) among sample countries (Temple, 1999; Krueger & Lindahl, 2001; Di Liberto, 2007) . This problem arises when education quality is affected by educational institutions, which often differ across countries. In this context, one explanation for the estimated low returns to education in international data sets is that national statistics are dissimilar. Moreover, returns to education tend to be higher in countries with a better-educated labour force, as predicted by some growth models (Azariadis & Drazen, 1990) . Another issue appears to be that acquisition of educational skills is not linked with productivity in some cases -that is, education is not only an investment but also a consumption good for the individual. Finally, in many countries (especially those which are less developed), the public sector employs most of the skilled labour force: this creates distortions in the estimation of returns to 1 A commonly used definition of human capital includes the set of knowledge, skills, competencies and abilities embodied in individuals and acquired through education, training and experience (Bassetti, 2007). schooling, owing to measurement problems of public sector output, inefficiency and lack of innovative activities in this sector (Griliches, 1997) .
In this paper, our objective is to estimate the impact of human capital on regional economic growth in Greece, and analyse the implications for economic policy. In order to control for the problems described above, we focus on a fairly homogeneous data set, which at the same time is relatively diverse in terms of human capital characteristics of the various regions. Furthermore, Greek regions are characterised by common institutions and, especially a homogenous educational system. Our approach features several important contributions. First, this study represents, to the best of our knowledge, the first attempt to provide a comprehensive set of estimates of the impact of human capital dynamics on growth of Greek regions (NUTS III level) for a fairly long period . Secondly, we define human capital more broadly than most of the literature, using various measures of education as well as healthcare. Thirdly, we investigate systematic growth differences between regions, which vary in terms of income level and location. Recent studies emphasise the presence of two income clubs in Greece based on: (a) access to the main transportation network (mostly the Athens-Thessaloniki highway), and (b) highly developed tourist industry in islands (Christopoulos, 2004; Prodromidis, 2006; Benos & Karagiannis, 2008) . These two clubs are characterised by identical educational institutions together with significant differences in enrolment rates.
This way, we allow for heterogeneity of the effect of human capital on growth across the two regional groups. Finally, we allow for human capital spillovers between neighbouring regions.
Our analysis is carried out using Random Effects (RE) and enhanced GMM (Arellano & Bond, 1991) estimators in order to handle endogeneity and unobserved heterogeneity problems. We find that the number of students in lower and upper secondary education levels affects growth positively. Additionally, a higher student/teacher ratio inhibits growth and the number of medical doctors fosters growth. Besides these, there is strong evidence of differential effects of the human capital variables between rich and poor regions. Finally, there are important human capital externalities across neighbouring regions.
The paper is organised as follows. In section 2, we present a review of the theoretical and empirical literature on human capital and growth. Section 3 describes the data, while section 4 presents the econometric framework and methodology. In section 5, estimation results are analysed, while section 6 offers policy considerations and concluding comments.
An Appendix contains detailed information on our data and empirical results.
Literature review
The theoretical literature on the relationship between human capital and economic growth provides different models. In the first group of models, growth is sustained by human capital accumulation -that is, human capital is a factor of production and its accumulation influences the growth process. In this type of model, human capital is a flow variable (Lucas, 1988) . In the second category, economic growth depends on the existing human capital stock, which generates new knowledge (Romer, 1990) or facilitates the imitation and adoption of foreign technologies (Nelson & Phelps, 1966) . In the third class of models, human capital is a threshold variable -that is, the impact of human capital depends on the human capital stock accumulated within a given time period (Azariadis & Drazen, 1990) . So, human capital matters as a stock and flow variable, because its accumulation is necessary to achieve the stock level, above which the impact of human capital strengthens.
One implication of these models is the existence of multiple equilibria in the growth path, since the growth path comprises various phases.
Regarding empirics, the investigation of the growth impact of human capital uses measures of formal education, such as adult literacy rates, school enrolment rates and average years of schooling, as proxies for human capital. This follows from the fact that investment in education is central to human capital accumulation and can be measured more easily than other elements, such as on-the job-training, experience and learning-by-doing.
In one of the early studies that examined the role of human capital on growth, Barro (1991) found that primary and secondary enrolment rates have a positive growth effect, but this was not always true for adult literacy rates. Mankiw et al. (1992) estimated an elasticity of output of about one-third with respect to the average percentage of the working-age population in secondary school. Benhabib & Spiegel (1994) found that the human capital flow did not have a statistically significant growth effect, while the average stock had a positive, though not always significant, growth impact. Durlauf & Johnson (1995) identified different growth regimes for groups of countries characterised by different initial GDP per capita and human capital levels supporting models with multiple equilibria.
More recently, De la Fuente & Domenech (2000) and Bassanini & Scarpetta (2001) estimated a positive effect of schooling years on growth. Bils & Klenow (2000) concluded that initial enrolment rates explain less than one third of the variation in growth rates and half of this is due to the fact that anticipated increases in growth raise schooling. Pritchett (2001) estimated a negative growth impact of human capital growth. However, Krueger & Lindahl (2001) showed that higher education attainment has a positive effect on economic growth once measurement errors are taken into account. Also, they showed that linearity and parameter homogeneity are rejected by the data. Kalaitzidakis et al. (2001) found nonlinear effects of human capital on growth. Papageorgiou (2003) concluded that the role of human capital in the creation and adoption of technology increases with country income.
In a review of the empirical literature, Sianesi & Van Reenen (2002) pointed out that education implies indirect growth benefits in terms of physical capital, technology transfer, fertility and other dimensions of human capital (e.g. life expectancy, infant mortality).
Furthermore, some research has recently concentrated on the impact of human capital on regional growth. The idea is that knowledge produces spillovers: that is, firms learn from other firms and people get ideas from other people. So, in regions with high concentration and/or accessibility to human capital, such as large cities, ideas disseminate quickly and human capital externalities are more likely to arise. Knowledge flows between different localities and regions imply spatial dependence among adjacent regions, which diminishes with distance (Grasjο, 2005; Andersson & Karlsson, 2007) .
Finally, a number of recent papers examine the field of health as a human capital component, although several pioneering studies go back a few decades earlier (Mushkin, 1962; Becker, 1964; Fuchs, 1966) . In particular, health in the form of life expectancy has appeared in a number of cross country empirics, which confirm the positive effect on the rate of growth (see , 2003 . In addition, several papers include health indicators in growth regressions in an effort to incorporate direct or indirect effects on economic growth (see Barro & Lee, 1994; Barro & Sala-i-Martin, 1995; Barro, 1996; Caselli et al. 1996 , Bloom & Sachs, 1998 Bloom & Williamson, 1998; Bloom et al., 1999) .
Description of the data.
We start our analysis with a brief description of the main regional educational and healthcare data used. (Table 1) . 3 We do not include data on the number of primary education students since there is no significant variation across regions, thus we would not be able to identify a distinct growth impact of such variables on regional growth. 4 The use of enrolment rates as a human capital variable is justified by the notion that current investment in human capital will be reflected in the future stock of human capital (Bassetti, 2007) . We would have been keen to use human capital stock in our estimations (i.e. average years of schooling) but unfortunately it is not available for Greek regions (NUTS 3 level). In addition, such data depend on arbitrary assumptions about depreciation and rely on inaccurate measures of benchmark stocks and investment flows (Barro & Sala-iMartin, 2004) . Studies that consider school enrolment rates include Barro (1991) , Mankiw et al. (1992) and Levine & Renelt (1992) . median. Tables 3 and 4   5 provide the descriptive statistics of our variables based on the division of our sample into high and low income regions.
Map 1. High and Low income regions (NUTS III) in Greece
(average GDP pc, 1981 GDP pc, -2003 High Income Regions Low Income Regions
According to our calculations, there are numerous income, education and healthcare disparities among the Greek regions. High-income regions enjoy higher levels of per capita GDP when compared to low ones (the means are 10,835 and 7,968 Euros respectively, over the period studied). They are characterised by different numbers of students attending lower secondary education (the means are around 591 and 584 students per 1000 of the relevant age group, respectively). On the other hand, low-income regions exhibit a greater proportion of students attending the upper level of education when compared to the high-income ones.
Overall, participation rates 6 in the two levels of secondary education in Greece differ substantially across regions as well as through time. Our data reveal that rural regions present lower enrolment rates compared with urban ones.
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The above findings are in line 5 Tables 2-4 provide all descriptive statistics (see Appendix). 6 Nine years of education (primary and lower secondary) has been compulsory in Greece since 1976 (Hellenic Constitution, article 16, paragraph 3). 7 Rural regions present enrolment rates of approximately 60%-65% over the whole period in lower secondary education and include prefectures such as Rodopi, Xanthi, Grevena, Euritania and Rethimno. The same regions exhibit enrolment rates around 30%-40% at the beginning of our sample period. In contrast, urban regions such as Athens, Thessaloniki and Achaia present enrolment rates of around 90%-95%.
with previous studies specialised in this field of work. Healthcare variables reveal a greater inequality between the two sub-samples. The number of available hospital beds and, to a lesser extent, the number of medical doctors are greater in high-income regions when compared to low-income ones (4.05 to 3.10 per 1000 people and 2.40 to 2.03 per 1000 people, respectively). Finally, public investment at regional level is included in our regressions in order to disentangle the effect of physical capital from the effect of human capital on growth (see Krueger & Lindahl, 2001 ).
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We believe this is a good proxy for total investment at regional level. This is so, because public and private capital tend to behave similarly in Greek regions (Louri, 1989) . Specifically, our proxy is based on the actual investment included in state budget expenditures at regional level 10
. As evident from the descriptive statistics, the regional allocation of public investment in Greece presents disparities across high/low income regions (2.3% and 2.5% respectively) as well as throughout the period examined (2.2% of regional GDP for the 1981-91 period to 2.5% for the 1992-2003). 
Theoretical Framework and Empirical model
As human capital is multidimensional (Bloom et al., 2004) , we need a model of growth that includes its major components. While most studies identify human capital narrowly with education, they do not consider health to be a crucial aspect of human capital, and therefore a critical ingredient of economic growth. In particular, the population's health impinges on growth through productive efficiency, life expectancy, learning capacity, creativity, coping skills and inequality (Howitt, 2005) . Also, an increase in survivorship raises the returns from education because educational costs come at earlier ages and returns at later ages (see Becker, 1964 Becker, & 1993 Meltzer, 1992; Ehrlich, 2000) . In this paper we consider both education and health in the formation of human capital as complementarities exist between its different forms (Becker, 2007) .
We study the role of human capital in the growth process, using the framework suggested (among others) by Mankiw et al. (1992) , de la Fuente (2002), Bloom et al. (2004) , Barro & Sala-i-Martin (2004) . Thus, we specify an empirical model by augmenting a standard aggregate production function with a technological progress function. In this framework, we allow for regional fixed effects.
So, we assume a Cobb-Douglas aggregate production function
the public stock of physical capital, L it is employment, S it the stock of educational human capital, H it is the stock of health human capital, and A it a (labour-augmenting) TFP indicator.
Also, we assume 1
, so we have a Solow-type model. Thus, we take a broader view of human capital than most literature by including education and health in the production function of our economies. Both forms of human capital are seen as production factors, the accumulation of which affects growth, i.e. human capital is a flow variable (Lucas, 1988) . However, we allow for differential impact of the two components of human capital (education, heath) on output, therefore on economic growth. Finally, incorporating A it , we allow for permanent differences in the production functions of the various regions.
The introduction of human capital in a broad sense, along with differential technical progress between regions, gives us the ability to obtain more accurate estimates of the model's parameters.
Now, equation (1) in per capita terms takes the form
Taking logs of (2)
and then time differences, we get
Before we estimate (4), we must specify the TFP growth term ΔlnA it . We assume that the regional TFP variable (measured in logs) is the sum of two components:
where r i is a regional fixed effect, which captures regional features that affect productivity and are constant over time (e.g. location, climate etc) and b t is nationwide technical progress, which evolves at a constant rate g:
Thus, human capital does not influence technical progress. Therefore, the rate of change of regional TFP is:
and after substitution of (7) and some rearrangements, equation (4) 
Since we estimate a Solow-type model, we include initial GDP per capita in the empirical counterpart of (8) in order to control for convergence effects on growth. We expect the education, health and public investment parameters to be positive, while the labour force parameter should be negative.
So, real per capita growth is related to an array of control variables, region-specific effects and technological progress effects common to all regions. For the first two terms, we use several human capital indicators and since it is generally accepted that human capital affects growth with time lags, we use lagged values of these indicators (Di Liberto, 2004 Midendorf, 2006) .
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These indicators include the following: a) students at lower secondary education level; b) students at higher secondary education level; c) medical doctors; d) hospital beds.
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The first two variables measure schooling and the other two capture the impact of health on growth (Malik, 2006; Ricci & Zachariadis, 2007) . Additionally, we use the student-teacher ratio in the two levels of education as a measure of the quality of education provision. We also employ public investment per region regarding the third term in (8). Furthermore, we proxy employment growth by population growth in (8), because there are no available data on the former. Finally, following Andersson & Karlsson (2007) and Grasjο (2005) we include two variables in order to explore the possibility of spatial externalities in terms of human capital (see section 5.3).
Regarding the methodology of estimation, OLS assume that the error in each time period is uncorrelated with the explanatory variables in the same period. However, a primary motivation for using panel data is to solve the problem of omitted variables, which are effectively part of the error term and cause bias in the coefficient estimates. In light of that, in the first part of our estimations, we assume that there is a time-constant unobserved effect, which we treat as a random variable drawn from a population together with the observed dependent and explanatory variables. The unobserved effect may represent regionspecific technology, tastes, historical and cultural factors. These characteristics are assumed to be correlated over time but uncorrelated with the observed explanatory variables, which is critical for the consistency of our estimates. We proceed with random effects estimation, which exploits the serial correlation in the error, due to the presence of the unobserved 12 The unavailability of average years of schooling as a measure of human capital, combined with the relatively short time span, led us to use 2-year lags in our estimations. We tried longer lags (3-5 years) and the results were essentially the same. Our final choice was dictated by the need to maintain a sufficient number of observations. 13 For detailed definitions of the variables see Table 1 in the Appendix.
effect in every period. We apply GLS and compute robust standard errors of the coefficients.
14 Furthermore, one of the most challenging problems in the empirical growth literature is the likely endogeneity of the right-hand-side variables. This is particularly true in the case of human capital variables, since education is highly income elastic and high-income economies dominated by the service sector require a well-educated workforce. In order to cope with this problem, in the second part of our estimations we use the GMM estimator of Arellano & Bond (1991) , which calls for first differencing and using lags of the dependent and explanatory variables as instruments (Caselli et al., 1996) . First differencing removes region-specific effects, which are a potential source of omitted variable bias (see above) and deals with series non-stationarity. Also, when choosing instruments, we allow the explanatory variables to be endogenous, which is the least restrictive assumption we can make. Thus, applying GMM we eliminate the inconsistency arising from the incorrect treatment of correlated region-specific effects and the endogeneity of explanatory variables.
So, we are more confident about GMM compared with RE results and emphasise the former.
At the same time, if the findings are similar, this is a signal of robustness.
Empirical results

Full sample
Full sample estimations reveal that students at lower-secondary level and highersecondary level exert a positive, albeit small, effect on growth in most cases (Table 5 , cols.
1-8). Furthermore, the student-teacher ratios in lower and upper secondary education, which are measures of education quality, exert a negative influence on growth in most cases as well -that is, the higher is the number of students relative to teachers, the lower is human capital accumulation and growth. These findings accord with the fact that controlling for labour force quality reduces the impact of schooling on growth (Sianesi & Van Reenen, 2002) . Overall, the results concur with our theoretical underpinnings and previous empirical evidence (Barro, 1991; Sianesi & Van Reenen, 2002) .
Regarding healthcare indicators, we use the number of medical doctors, as it reflects the quality of health services. This is expected to boost productivity and growth.
14 The evidence confirms our intuition showing a positive impact on regional growth (Table 5, cols. 2, 4, 6 & 8). 16, 17 Overall, the evidence supports the case for public funding of education and health care in Greece as a growth-enhancing policy.
Public investment does not have a statistically significant growth impact in most cases. This is possibly because it represents a small proportion of GDP in most regions and is inefficiently allocated in accordance with the electoral cycle theory (see Labrinidis,
The estimated parameter of initial income indicates conditional convergence of Greek NUTS III regions at an annual rate of approximately 17% (Table 5 , cols. 5-8).
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This is in line with our Solow type model, where an economy is in the process of transitional growth towards its steady state. The above convergence speed is similar in magnitude to those found by Caselli et al. (1996) and differs from results commonly found in work on convergence.
19,20
So, Greek regions are mostly near their steady-states and differences in GDP per capita are due to differences in their steady-state levels. In this framework, areas with high growth are those which experienced repeated shifts in their steady-state during the 15 The correlations between students (lower & upper secondary level) and medical doctors are 0.13 & 0.57 respectively and thus do not influence our results. 16 We also tried using hospital beds per 1000 population, but it was not significant. We think this is because it is a measure of the quantity of health services, in contrast with doctors who measure better the quality of services provided. 17 We do not use variables employed in cross-country studies, like life expectancy and infant mortality, since there are no such data at regional level in Greece. 18 The relevant specification tests provided no evidence of misspecification of our models. 19 Caselli et al (1996) showed that their estimation methodology, which is very similar to ours, implies consistent estimates of convergence in contrast with most empirical growth literature. 20 The presence of business cycles possibly induces upward bias in the convergence coefficient. However, in our case regional business cycles are likely to be correlated, so this effect is rather weak. Also, previous work with the same dataset with 5-year averages indicated that findings are not sensitive to the time span employed in the estimation (Benos & Karagiannis, 2008) .
period covered by our sample. Finally, population growth exerts a negative influence on per capita income growth in accordance with theory and previous evidence (Eckey et al., 2006 As mentioned in Section 2, there is a strong case, both theoretically and empirically, for different effects of human capital on growth among regions which vary in terms of income. Consequently, we split regions into low-income and high-income according to whether their average GDP per capita is below or above the median for our sample period .
22,23
First, we estimate the same equations as before for the two sub-samples.
According to Tables 6-7, for the rich and poor regions respectively, we see that lower secondary education students have a positive impact on growth in the former (Table 6 , cols.
1, 5-6), while they are not statistically significant in the latter (Table 7) . Furthermore, there are positive growth returns to upper secondary education in the high-income regions (Table   6 , cols. 3-4, 7-8), while they are mostly insignificant in the low-income ones (Table 7, cols. 3-4, 7-8). These differences among the income groups explain the very weak growth influence of both variables in the full sample estimation and agree with previous work (Durlauf & Johnson, 1995) .
Also, we identify a strong negative effect on per capita growth of the student-teacher 21 Furthermore, we include in our model a number of geographical dummies (North/South, East/West, and islands/mainland) in order to capture spatial effects across groups of Greek regions. Our estimations exhibit a positive sign regarding mainland regions, meaning that these regions enjoy a positive growth differential with respect to islands. This might be explained by the insufficient public infrastructure and problematic connection of the islands with the mainland, especially during the non-tourist period of the year. 22 See Map 1 (section 3) for the spatial allocation of the two income groups. The high-income group includes: (a) the mainland regions with access to the main transportation network (from Athens to Thessaloniki), and (b) the island regions with highly developed tourist industry (Crete, Corfu, Cyclades, Dodecanese). The lowincome group includes most regions of Thrace, Western Macedonia, Epirus, Peloponnese, North Aegean and Eptanisa. 23 Our spatial division of Greek regions concurs with the findings of recent studies. Christopoulos (2004) reports similar evidence on the spatial segregation of Greek regions and states that such regional divergence exists due to employment and output differentials. Prodromidis (2006) traces the same effects at NUTS 4 (post code) level and argues that access to the Athens-Thessaloniki transportation network acts as an income corridor between Greek regions. Finally, Benos & Karagiannis (2008) present similar findings arguing that two convergence clubs exist in the Greek economy.
ratio at both the lower secondary and upper secondary education levels in the rich regions (Table 6 , cols. 1, 5-8). In poor regions, this impact appears mostly insignificant (Table 7, cols. 1-8), implying a weak effect of this variable in the full sample. Besides these, the number of medical doctors boosts regional growth in both sub-samples (Tables 6-7, cols. 2, 4, 6, 8). However, it seems that the effect of healthcare on regional growth is stronger in low-income areas than high-income ones.
In addition, we estimate regressions, which include interaction terms for our education and health indicators in order to check the robustness of the previous results. In particular, we interact a binary variable that indicates rich and poor areas with the education and health variables. Our findings confirm the stronger impact of lower secondary education students and student-teacher ratio in lower secondary education on growth in high income regions relative to the poor areas (Table 11 , cols. 1-2, 5).
Thus, our evidence suggests parameter heterogeneity regarding the effect of human capital on growth -confirming previous studies. So, from a policy perspective the evidence presented above implies that it is optimal to direct public spending on education mostly towards rich regions if the aim is growth maximization.
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Also, conditional convergence seems to hold in both sub-samples, as it was the case for the whole sample. Finally, public investment does not have a growth impact and population growth affects per capita income growth negatively as before.
Spatial externalities
24 However, one must always keep in mind that economic growth is only one of the government objectives along with e.g. stabilization, income equality, and external balance. In light of that, higher funding on education in rich regions relative to poor ones may not be desirable, because it will increase spatial income inequality.
Next, we proceed to examine if there is dependence of regional growth on human capital in neighbouring regions -that is, human capital externalities among regions. We construct three types of variables to capture these effects. The first type includes students of both the region in question and its neighbouring regions (Regional Students). It replaces the students of the region in question in the regressions. The second type corresponds to the students of the neighbouring regions only (Extra-Regional Students). It is used in the equations in addition to the student variables used in the previous section. The third type refers to two variables: they add the number of university medical doctors and hospital beds, when direct access to a university hospital is available, to the medical doctors and hospital beds at the regional level used in the original estimations creating University Medical Doctors and University Hospital Beds respectively.
By looking at Table 8 , Regional Students of lower secondary (see cols. 9-10) and upper secondary education (see cols. 11-12), have a much stronger impact on growth than the original student variables (Table 5 ). This is in line with the evidence, which shows that students of neighbouring regions (Extra-Regional Students) have a positive effect on growth (Table 8 , cols. 13-14). Lower and upper secondary school students continue to affect growth positively (Table 8, cols. 2, 6, 10, 12-13) . Regarding healthcare variables, University Medical Doctors affect growth positively and University Hospital Beds do not influence the growth process as before (Table 8, cols. 7-8, 15-16) . Thus, there is quite strong evidence of spatial externalities, in the sense that regions seem to be affected by the performance of their neighbours in terms of education and health status. This is in accordance with recent findings for Sweden (Andersson et al., 2008) . The results do not change when we incorporate public investment in the regressions, which continues to be statistically insignificant (Table 11 , cols. 5-7).
When estimating the same equations in the two sub-samples of rich and poor regions, the findings are somewhat different. We observe that the positive impact of Regional Students (both lower and upper secondary levels) on growth is stronger in the wealthy regions compared to the lagging ones (Tables 9-10, cols. 9-12). The same pattern is true for the Extra-Regional Students at both education levels . Besides these, students of lower and upper secondary level education continue to exert a positive growth influence in all but one case in rich regions ( University Medical Doctors on growth between high and low income areas (Table 11 , cols.
5-7)
. For example, Regional Students in upper secondary education boost growth in rich regions more strongly than in poor ones. Also, University Medical Doctors have a larger growth impact in poor areas compared to rich ones. Thus, we continue to find evidence of parameter heterogeneity regarding human capital variables in Greek regions, when we take into account spatial externalities. Also, in both sub-samples conditional convergence holds and population growth is detrimental to per capita output growth, as is true for the whole sample.
As a result, evidence presented in this section emphasizes the need for larger public funding of education and health in both high and low income regions in order to realize the benefits arising from spatial externalities of human capital accumulation on regional growth.
Additionally, the results underline that healthcare is a more important growth determinant in poor regions relative to rich ones. On the contrary, education seems to matter more for growth in wealthy rather than lagging regions. In light of these, policy makers should direct a larger share of the funding for human capital accumulation towards healthcare in poor regions and education in rich ones.
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Conclusions
This paper examines the social returns to human capital at regional level in Greece using education and healthcare indicators. We estimate the effect of these variables for all regions and separately for poor and rich ones, allowing for spatial heterogeneity of rates of return to human capital. Overall, we find that there are differences between the two regional clubs. In particular, our results show a positive impact of education on growth in highincome regions, while the evidence is much weaker for low-income regions. On the contrary, health is more important for growth in poor regions relative to rich ones. Also, there are important human capital externalities across neighbouring regions. Thus, the findings imply the need for larger public spending on education and healthcare in all areas as a growthenhancing policy. However, the policy makers should direct a larger share of human capital expenditure on education in wealthy regions and health in lagging regions.
We conclude with some possible research extensions. We could employ alternative estimation methods as a check for the robustness of the results (i.e. spatial econometrics).
We might also use other measures of human capital, taking into account in a more comprehensive way its quality, additional stages of education (higher education) and other forms of education (job training) when data become available. These are left for future work. The number of students divided with the number of teachers at the lower secondary level of education at regional level (NUTS 3). Teachers are denoted per 1000 inhabitants at regional level. Number of university medical doctors per 1000 inhabitants at regional level (NUTS 3). The number of university medical doctors (when direct access to the respective university hospital is available) is added to medical doctors at regional level (NUTS 3). National Statistical Service of Greece, Social Accounts Section University Hospital Beds Number of university hospital beds per 1000 inhabitants at regional level (NUTS 3). The number of university hospital beds (when direct access to the respective university hospital is available) is added to hospital beds at regional level (NUTS 3). National Statistical Service of Greece, Social Accounts Section Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals. 3 The null hypothesis is that the errors in the firstdifferenced regression exhibit no second order serial correlation. …,2003) . z-statistics in parentheses; *, **, *** denote 10%, 5% & 1% significance respectively. 1 Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals.
APPENDIX
3 The null hypothesis is that the errors in the first-differenced regression exhibit no second order serial correlation. 4 See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods. All the explanatory variables were used as instruments and Medical Doctors lagged 3 periods. Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals. 3 The null hypothesis is that the errors in the firstdifferenced regression exhibit no second order serial correlation. 4 See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors University & Beds University lagged 3 periods. All the explanatory variables were used as instruments. Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals. 3 The null hypothesis is that the errors in the firstdifferenced regression exhibit no second order serial correlation. 4 See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors University & Beds University lagged 3 periods. All the explanatory variables were used as instruments. Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals. 3 The null hypothesis is that the errors in the firstdifferenced regression exhibit no second order serial correlation. 4 See Table 1 in the Appendix for the definition of the variables used. Explanatory variables lagged 2 periods and Doctors University & Beds University lagged 3 periods. All the explanatory variables were used as instruments. Initial per capita GDP in region i in period t-1. 2 The null hypothesis is that the instruments used are not correlated with the residuals. 3 The null hypothesis is that the errors in the firstdifferenced regression exhibit no second order serial correlation.
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